This study evaluated fabrication techniques of recently introduced all-ceramic copings' marginal adaptation on two different implant abutments with different finish lines. Five different copings were prepared (Casted chrome-cobalt metal coping, Zirkonzahn, Cercon, In Ceram Alumina and IPS e.max Press) on two cementable implant abutments with two marginal designs. Ten samples for each coping group were prepared (totally 100 samples). Copings were cemented to implant abutments and marginal gap measurements were done from 24 points with stereomicroscope and the datas were analyzed by the Kruskal-Wallis test before cementation. Cercon copings showed the lowest marginal fit scores and metal copings showed the highest scores. After cementation, all marginal gap values have been increased. All marginal gap values obtained from crown copings can be considered in clinically acceptable limits (<120 µm) except metal copings after cementation on abutment with 135 degrees shoulder group (123 µm).
INTRODUCTION
The achievement of a passive fit between implant frameworks and underlying structures is critical for successful long-term osseointegration 1) . A precise marginal fit is the most crucial criterion for ceramic crown survival 2, 3) . Poorly fitting implant frameworks may cause mechanical failures of prostheses or implant systems or biological complications in surrounding tissue 4) . Ill-fitting prosthetic copings in osseointegrated implants may also lead to many complications, such as mechanical failure, prosthetic screw loosening, fracture of implant components, adverse tissue reactions, and even loss of osseointegration 4, 5) . A marginal gap exceeding the tolerable limit exposes the cement material to the oral environment, increasing the rate of cement dissolution by oral fluids. Bacterial invasion from the marginal space may follow dissolution, potentially leading to the development of caries under the crown and periodontitis in surrounding tissue 6, 7) . Large marginal gaps have also been shown to increase the plaque index and compromise periodontal conditions 8) . Although implant components and bone can tolerate a lack of marginal fit to some degree, no clinically acceptable threshold has been established 9) . Many authors have attempted to define 'acceptable fit' for implant prostheses 10, 11) . Brånemark 11) was the first scholar to define passive fit, proposing a 10-µm gap to enable bone maturation and remodelling in response to occlusal loads. The achievement of a perfect passive fit does not seem to be possible, however, and it remains an ideal goal 12) .
Technological advances have contributed to the development of various techniques for the production of dental restorations and stronger, more durable ceramic materials. Heat-pressable ceramics were developed to avoid the occurrence of inhomogenities and porosities during sinterisation 13) . The IPS Empress 2 system and its successor IPS e.max Press (Ivoclar Vivadent, Schaan, Liechtenstein) feature lithium disilicate crystals embedded in a glassy matrix to improve mechanical stability 14) . Such contemporary lithium disilicate-based ceramic cores can withstand the degree of force required to serve as single second premolar pontics in posterior fixed partial dentures 15, 16) . For the IPS Empress 2, clinical marginal discrepancies of 45-60 µm have been reported 17, 18) . Few reports have described the precision of fit of zirconia-based crowns. Previous studies have found marginal discrepancies ranging from 40 to 160 µm. However, data on the marginal fit acquired with the Cercon system (DeguDent, Hanau, Germany), produced by computer-aided design/computer-aided manufacture (CAD/CAM), in comparison with conventional ceramic or metal restorations are limited [19] [20] [21] . Little evidence is available regarding which of the most popular metal-free restoration finish line designs [round shoulder or chamfer] provides the best marginal adaptation. Studies evaluating the effect of finish line design on the marginal fit of ceramic crowns have produced diverse and sometimes contradictory results, including the absence of any effect [22] [23] [24] . Cementation is an important factor for vertical fit because it may prevent complete seating of the restoration due to intracoronal pressure 25) . The suitability of permanent luting materials, such as zinc phosphate or glass-ionomer universal dual-cure methacryloxy-decyl- dihydrogen phosphate-based and self-adhesive resin cements, deserves further investigation 26, 27) . The purpose of this study was to evaluate the marginal adaptation of five ceramic systems fabricated using different techniques on implant abutments with different finish lines. We examined differences in marginal gaps among copings and abutments.
MATERIALS AND METHODS
The 3inOne and Simple Solutions abutments (BioHorizons, Birmingham, AL, USA) were used in this study. The Simple Solutions abutment is standard and cannot be milled; the angle of its shoulder is 135°. The 3inOne abutment can be milled to produce the desired shape and shoulder design. Using a high-speed handpiece, a single dental technician reduced the occlusal height of 3inOne abutments to 2.5 mm and created 90° shoulders with 1 mm width.
A stainless-steel octagonal mould was created and filled with self-cure acrylic. Before polymerization, each abutment with its analogue was embedded into the acrylic, leaving the cervical area exposed (Fig. 1) . Copings (0.5 mm thickness) were prepared on the abutments. Five coping materials were used with the two abutment types: a cast chrome-cobalt metal coping, Zirkonzahn (made by copy milling), Cercon (CAD/CAM), In-Ceram Alumina (slip casting), and IPS e.max Press (prepared under pressure and heat). Casting material properties and manufacturers are listed in Table 1 . According to the results of power analysis 10 samples per group were prepared. After acrylic polymerization, the mould was opened and an octagonal acrylic block was manufactured for the measurement of marginal fit. Three points on each side of the octagonal model were selected randomly, and marginal gaps at these 24 points were measured with a personal computer attached to a stereomicroscope (×50) and camera using software. A single investigator performed all measurements, and average values were calculated.
After completing the measurements, the coping materials were cemented to the implant abutments under uniform loading (8 N) with a non-eugenol acrylic urethane polymer-based temporary luting agent (Implacem, Equınox Medical Technologies, Holland) and a pressure apparatus (Fig. 2) . After fixing coping position under a constant load, marginal gap measurements were performed again in the same manner (Fig. 3) . Thus, 48 measurements were recorded before and after cementation for each coping (total, 4,800 measurements). 
RESULTS
Before cementation, marginal fit differed significantly among all coping groups prepared on each abutment type, with the largest gaps observed for metal copings; similar results were obtained after cementation (Tables   2 and 3 ). Pairwise comparison showed significant differences in marginal fit between all copings prepared on the Simple Solutions abutment and between all copings except Zirkonzahn and In-Ceram Alumina on the 3inOne abutment before and after cementation (Tables 2 and 3) .
Compared with pre-cementation values, marginal gaps increased significantly after cementation in all coping groups prepared with the 3inOne abutment (Table 4 ) and in all copings but Cercon prepared with the Simple Solutions abutment (Table 5 ). After cementation, significant differences were observed between abutment types in the Cercon, In-Ceram Alumina, and IPS e.max Press groups, but not in the metal coping and Zirkonzahn groups (Fig. 4) . 
DISCUSSION
No standard method for the measurement of marginal fit has been established. The most common methods are cross-sectional observation, the impression replica technique, direct observation of the crown on a die, and clinical examination 28) . In this study, direct observation of the crown on a die, which enables the measurement of cemented restorations 17) , was used to measure marginal fit. This method is considered to be a useful and rapid procedure that allows for the measurement of all restoration types 17, 29, 30) . To obtain standardized results, we aimed to make coping size and thickness as similar as possible. A single dental technician fabricated all frameworks, a single operator completed all measurements, wax patterns were invested immediately to minimize wax contraction, and a pressure apparatus was used to standardize the pressure exerted during cementation. Several studies have assessed whether samples should be cemented before the measurement of marginal fit; cementation had no significant effect on the vertical marginal gap in some studies, whereas the gap increased significantly in other studies [31] [32] [33] . The effect of cementation on marginal accuracy is still considered to be controversial. In this study, marginal gaps were measured after cementation to approximate the clinical situation. Further investigations of the effect of cementation are required. Previous reports suggest that cementation increases marginal gaps in fixed restorations 18) . In the current study, marginal gaps increased slightly after cementation in all groups analyzed, but no significant difference was observed. These findings can be explained by the adequacy of 50 µm internal space for the luting agent; the predetermined internal space of 5 µm for the luting agent resulted in no increase in the marginal fit of the restorations.
Several studies have emphasized the importance of marginal fit of ceramic crowns. Most studies have tested 5-10 coping specimens per group, with some investigators using 15-30 specimens per group 6, 17, 32) . In the present study, power analysis indicated that 10 samples per group were sufficient.
In most previous studies, marginal fit has been evaluated at only two to six points per abutment; some researchers, however, have examined 18-150 locations 32) . In other studies, points along margins have been selected randomly and the average of all measurements has been calculated to obtain marginal fit values 17, 34) . Groten et al. 35) suggested that 50 measurements (or a minimum of 20-25 measurements) are ideally required to obtain clinically accurate data, regardless of measurement locations. Although no standard for the number of marginal gap measurements required for practical in vitro testing has been established, an increased number of measurement points has been shown to result in smaller standard deviations and more reliable results. Thus, we obtained a total of 48 measurements before and after cementation for each coping in the present study.
Whereas dental laboratory technicians have minimal influence on CAD/CAM systems 36) , slip casting depends on technicians' skill 37, 38) . The equipment required for copy milling costs less, but this method requires a significant amount of time for manual zirconia block cutting 39) . As in a previous study 40) , marginal accuracy showed significantly similar between copings produced by CAD/CAM and copy milling for both finish line designs in the present study. Slip casting groups showed significantly higher marginal gap in 90° round shoulder finish lines maybe be depends on technicians' skills. However, no study has evaluated the technique sensitivity of a milling system by measuring marginal gaps for restorations made by that system 41) . The clinically acceptable threshold for marginal fit of implant-supported restorations remains controversial. Based on the examination of more than 1,000 crowns, McLean and von Fraunhofer [42] [43] [44] established the most widely used maximum tolerable marginal gap criterion of 120 µm. This criterion is in agreement with the range of 100-120 µm in many previous reports, although maximum marginal gaps ranging from 50 to 200 µm have been reported 45, 46) . Many techniques have been proposed to achieve passive fit, defined as a fit resulting in no long-term clinical complication 47) . Each step of prosthesis fabrication influences the final fit 6) . In the present study, average marginal gaps ranged from 7 to 184 µm with most values falling within clinically acceptable limits for cement-retained implant-supported crowns 7, 11, 21) . Cervical margin design and ceramic manufacturing technique affect the marginal fit of copings. For example, better marginal fit of zirconia crowns produced by CAD/ CAM has been documented in preparations with a 90° round shoulder finish, compared with those with a 45° chamfer finish line 48) . In the present study, comparison of marginal fit of the copings before and after cementation; Cercon, In-Ceram Alumina, and IPS e-max Press copings showed smaller marginal gaps on abutments with 135° round-shoulder finish lines. This is maybe explained by that; these techniques are more sensitive and accurate. In addition to this, better or smaller marginal fit of copings produced by in all groups after cementation in preparations with 135° round-shoulder finish lines compared with 90° round shoulder finish lines. Because of its wide-angle finish line, it might have given the opportunity to escape the cement material more easily. However, evidence is insufficient to determine which cervical margin design offers a better marginal fit 49) . If the precision of fit or gap between a framework and the abutments is excessive, then the effect of fit on the biologic interface may become extremely important.
This study has several limitations. In vitro results should be considered cautiously because in vitro testing cannot completely simulate the clinical situation.
All copings were produced and tested under ideal conditions, which may not reflect conditions in daily clinical practice. The other limitation of this research includes measuring only the vertical marginal gap. The horizontal relationship was not quantified. The extent of marginal misfit is regarded as a determining factor for plaque accumulation and dental problems and a crucial parameter for the health of soft and hard supporting tissues. Although implants may not cause to situations such as recurrent caries or dentinal hypersensitivity, poorly fitting restorations may have long-term implications that affect the oral environment of the implant restoration complex within the hard and soft tissues.
Some previous studies showed the variations in accuracy between the restorations with and without the porcelain build-up techniques and the significant effects of the veneering techniques on marginal accuracy 50, 51) . This investigation, however, did not consider a veneer technique which was one of the limitations. Further studies are required to evaluate and to compare the effects of these factors, the systems and veneering methods, on the marginal accuracy of implant restorations.
CONCLUSION
In this study, most marginal adaptation values were within the clinically acceptable range of 120 µm. Marginal gaps were significantly smaller for Cercon restorations and significantly larger for metal copings than for other copings assessed. Cementation did not significantly increase marginal discrepancy in the copings analyzed. Within the limitations of this study, we found no evidence for the superiority of any coping material or finish line design assessed in terms of marginal adaptation.
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